Background: Deep venous thrombosis (DVT), even though resolved, may damage the valves and may lead to chronic venous insufficiency (CVI). We designed the present study to examine the thrombotic markers or other ultrasound features in the absence of active thrombosis in patients presenting with features suggestive of CVI. Materials and Methods: It was a cross-sectional study of 50 DVT patients. We collected a detailed history of presenting symptoms (onset, progression, and duration) and associated history of aggravating factors. After classifying the patients, color Doppler investigation for DVT and venous incompetence and blood investigations such as Factor V, D-Dimer, total cholesterol, total triglycerides, homocysteine, high-density lipoproteins, low-density lipoproteins (LDL), and very LDL were done. Results: We found a raised Factor V significantly more in patients classified as severe under clinical classification compared with nonsevere (19% and 0%; P = 0.05) and in patients with a high Venous Severity Clinical Score (VSCS) compared to those with a low VSCS score (17% and 0%; P = 0.03). We also found that perforators were significantly more in patients with a high VSCS score (88% and 58%; P = 0.02), in patients with a primary venous etiology compared with those without any venous etiology (97% and 1%; P < 0.0001), in patients with obstruction/reflux compared to those without any pathology (95% and 0%; P < 0.0001), and in patients with severe clinical classification compared with nonsevere patient (95% and 55%; P = 0.002). Conclusions: Clinical or subclinical DVT, an important cause of CVI, may not always be seen on ultrasound, especially after resolution. However, they may have the presence of blood parameters (Factor V and hyperhomocysteinemia) suggestive of DVT; these can be used as proxy markers for the current or previous DVT. 
Introduction
The risk factors of chronic venous insufficiency (CVI) have been studied for a long time. Some of these studies suggest that it can occur due to congenital valve or vessel abnormalities, but it most commonly occurs when the valves of the deep veins are damaged as a result of deep venous thrombosis (DVT). [1, 2] Valves maintain the hydrostatic venous pressure in the lower extremities by preventing the reflux of venous blood when it is being pumped against gravity towards the heart. With no valves to prevent deep system reflux, the hydrostatic venous pressure in the lower extremity increases. Even after the DVT resolves the damage to the valves remains permanent, later culminating in CVI. But prior DVT can be clinical or subclinical and often not diagnosed on ultrasound after resolution. [1] [2] [3] [4] Studies have shown that high levels of plasma homocysteine are associated with deep-vein thrombosis, and serological markers such as D-dimer and P-selectin have been used as predictors of DVT. [5, 6] Ultrasonography (USG) has also been used to assess thromboembolism. [7] Other models have suggested that ischemia and reperfusion may be associated with CVI. [8] Based on these above literature, the hypothesis that prior (clinical/subclinical) DVT is a common cause of CVI and it is not diagnosed after resolution on ultrasound is the basis of our study to find markers of thrombosis. If there is a relation, then the treating physician can manage the patients on the basis of these markers and nonthrombotic ultrasound findings to control the future 
Materials and Methods
The study was conducted in the dermatology outpatient department of a tertiary care hospital in Mumbai, India, catering to higher middle class and upper class patients. It was a cross-sectional study of 50 patients. All consecutive consenting patients between 18 and 65 years of age of both gender presenting with dermatological features suggestive of stasis on the feet -symptoms of pain, edema, pigmentation, distended veins, ulcers of the lower limbs, and/or with a history of past or preceding symptoms or sign of DVT were enrolled for the present study. We excluded the following patients: those with arterial diseases, those who have undergone venous surgeries, and those with arteriovenous malformations. An institutional ethics committee clearance was obtained for the study.
We collected a detailed history of presenting symptoms (onset, progression and duration) and associated history of aggravating factors. Local cutaneous examination and the body mass index (BMI) of the patient were taken and noted. Patients were classified using two scoring systems -Venous Severity Clinical Score (VSCS) [9] and CEAP -Clinical signs (C0-C6); etiology (primary venous etiology present or not); anatomic distribution (superficial/ deep/perforator or none); and pathophysiology (reflux/ obstruction/both or none). [10] [11] [12] In VSCS, using the seven classes of the C classification (pain, varicose veins, venous edema, skin pigmentation, inflammation, induration, ulcers, and compression therapy), a 0-3 grading scheme was assigned to clinical manifestations of each class 0 = absent, 1 = mild, 2 = moderate, and 3 = severe. Then, the score was added and patients with VSCS score = 1-4 are classified as nonsevere and VSCS score ≥5 are classified as severe.
After classifying the patients, color Doppler investigation for DVT and venous incompetence and blood investigations such as Factor V, D-Dimer, total cholesterol, total triglycerides, homocysteine, high-density lipoproteins (HDL), low-density lipoproteins (LDL), and very LDL were done to evaluate their levels in severe and nonsevere patients and their significance as proxy markers for DVT.
All the data collected on a predetermined clinical pro forma was entered into a Microsoft Office Excel sheet which were further converted to Stata. (StataCorp © , College Station, Texas, USA). We calculated the means and the standard deviation (SD) for continuous variables and proportions for categorical variables. The means were compared using the t-test, and the proportions were compared using the Chi-square test or Fisher's exact test (for low expected cell counts). P < 0.05 was considered statistically significant.
Results
A total of 50 patients (32 males and 18 females) with CVI were evaluated. The mean age (±SD) of the males was 43.1 (±12.1) years and the mean age (±SD) of the females was 47.6 (±9.8) years respectively; the difference in the mean ages was not statistically significant (p=0.19) Patients having occupations such as kitchen managers, ward boys, and sales executive were highest (32%) followed closely by desk jobs (30%) and the most common history was of prolonged standing among our patients (76%) without any significant difference between male and female. The most frequent symptoms found in our patients were edema (88%), pigmentation (78%), and distended veins (76%) [ Figures 1a and b] . The symptom seen significantly less than others was ulcer (24%). BMI of our patients was high, 32% were obese (BMI ≥30) and 22% were overweight (BMI ≥25) [ Table 1 ].
We found a raised Factor V significantly more in patients classified as severe under clinical classification compared with nonsevere (19% and 0%; P = 0.05) and in patients with a high VSCS score compared to those with a low VSCS score (17% and 0%; P = 0.03). No such significant difference was found when patients are classified according to etiology, anatomy, and pathology. Similarly, factors such as D-dimer, homocysteine, total cholesterol, and total triglycerides are raised, but no significant difference was found in the raised distribution between patients after classification according to VSCS and CEAP. Venereal Disease Research Laboratory test was negative in our patients.
On color Doppler, it was seen that perforators were found significantly more in patients with a high VSCS score compared to patients with low VSCS score (perforators: 88% and 58%; P = 0.02), in patients with a primary venous etiology compared to those without any venous etiology (97% and 1%; P < 0.001), in patients with obstruction/reflux compared to those without any pathology (95% and 0%; P < 0.001), and in patients with severe clinical classification compared with nonsevere patients (95% and 55%; P = 0.002). Similarly, varicosity and saphenous vein incompetence findings were seen. We have described details about blood investigations and Doppler findings in Tables 2  and 3 . The most common perforators were medial malleolus (74%), followed by below the knee (18%) and above the knee (2%) [ Table 4 ].
Discussion
Thus, we found patients with CVI had raised Factor V and homocysteine levels. However, none of our patients had features suggestive of active or resolved DVT on USG. We also found that these patients had a high BMI [13, 14] and a history of standing for long hours due to their occupation, [15] [16] [17] these features have been reported in patients with CVI in the literature. Only those patients who were classified as severe cases of CVI had raised Factor V. However, both severe and nonsevere cases of patients with CVI had raised homocysteine and D-dimer. Despite these changes in the blood parameters, we did not find any signs of active DVT in any of our patients. [18] Studies have suggested that high plasma levels of Factor V might lead to an increased prothrombinase activity causing an increased risk of thrombosis [19] and implicate that hyperhomocysteinemia (HH) promotes thrombosis by an imbalanced redox status because its sulfhydryl group is a strong reductant. [20, 21] However, in a recent meta-analysis, authors have found an increased risk of thrombosis not only with high levels of Factor V but also with lower levels of this factor. [22] Although they could explain former association due to raised Factor VIII, the latter association could not be explained adequately. [22] Furthermore, it has also been reported that any mutations in Factor V genes may be associated with either thrombosis or bleeding. [23] Thus, Factor V levels should be judiciously interpreted for clinical management of patients with venous thrombosis. Studies have shown that D-dimer has a sensitivity of 91% for DVT which means patients with raised D-dimer will have a higher likelihood of DVT and both our patients with thrombosis had raised D-dimer, but other patients with raised D-dimer did not show a DVT on USG. [24, 25] D-dimer has a low specificity because it is raised in other conditions also, such as bleeding, aortic dissection, and renal and liver diseases, [26] thus raised D-dimer values should be interpreted in view of the history and the overall coagulation profile.
We also found that all patients with CVI had high cholesterol and triglyceride levels. These parameters also have a role in thromboembolic events. Although the exact mechanism is unclear, it has been hypothesized that cholesterol and triglycerides may cause an impairment in coagulation through changes in blood viscosity or mediation through tissue factor pathway inhibitor. [27, 28] Thus, a raised Factor V, HH, or altered lipid profile, proxy markers for DVT, may be used for diagnosis of CVI in patients without any evidence of active thrombus on USG. [29] [30] [31] Once the DVT resolves, usually it cannot be seen on ultrasound. However, other features suggestive of valvular incompetence leading to CVI such as incompetent perforators, saphenous vein incompetence, and varicosities can be noted on color Doppler. [32, 33] In our study, even though evidence of active DVT was not found, our patients did show some features of CVI on color Doppler. [34, 35] Furthermore, all these patients were more likely to be classified as severe CVI and have a higher VSCS score. [36] Knowledge of these parameters is important in diagnosis of DVT in patients presenting with symptoms of CVI without any active thrombus. [37, 38] It is quite likely that we may not find any feature suggestive of active or resolved thrombus on an ultrasound. However, even in the absence of these findings, it is essential to have a complete coagulation profile of these patients for effective diagnosis and management. It may be difficult to identify the subtle chronic changes in these veins such as eccentric or diffuse thickening of the vein wall, calcification, or partial recanalization of vein lumen with irregular channels, if the treating physician does not inform the sonologist to look for these changes due to a clinical suspicion of resolved DVT. Thus, Doppler findings such as perforator incompetence, saphenous vein incompetence, and varicosities along with blood markers of previous DVT could be a good way of diagnosing CVI.
An important limitation of our study is lack of a control group. In the absence of this, we could not estimate the predictive values of these blood parameters. Nonetheless, our study presents some important findings. As highlighted, clinical or subclinical DVT, an important cause of CVI, may not always be seen on ultrasound, especially after resolution. The presence of blood parameters suggestive of DVT such as raised Factor V/ hyperhomocysteinemia/raised total triglycerides and total cholesterol may be used as proxy markers for the current or previous DVT. This needs further study to elucidate the role of ultrasound, computed tomography venogram, and a complete thrombotic profile in the evaluation of a subclinical DVT in cases of CVI.
Conclusion
Thus, it is imperative that all treating physicians become aware of USG findings as well as communicate with the sonologist to actively look for these changes. Even if these findings are missing (as was the case in our study), their blood profile should be examined to look for any alteration in the coagulation parameters suggestive of predilection to thrombosis, and plan the treatment protocol accordingly. These patients should also be regularly followed for evidence of any recurrence of thrombotic episodes.
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